Efficient anchoring of RNA polymerase in Escherichia coli during coupled transcription-translation of genes encoding integral inner membrane polypeptides.
While it has been known that supercoiling of the DNA template can be induced by transcription, the mechanism and the efficiency of this process in vivo is not fully understood. We report here that transcription of genes encoding 16 S rRNA, a stable RNA species, or cytoplasmic polypeptides leads to very little or no detectable DNA supercoiling even under the optimum conditions in Escherichia coli. This indicates that hydrodynamic drag on the transcription complex (including RNA polymerase, nascent RNA, ribosomes, and nascent polypeptides) is not sufficient to anchor RNA polymerase during coupled transcription-translation. On the other hand, transcription of membrane-associated genes encoding integral inner membrane or exported periplasmic polypeptides leads to apparent DNA supercoiling. Transcription of genes encoding integral inner membrane polypeptides leads to significantly greater anchoring of RNA polymerase than does transcription of genes encoding periplasmic polypeptides. This may reflect differences in the coupling of transcription-translation with membrane association during expression of these two classes of polypeptides. Evidence is further presented to suggest that the anchoring of RNA polymerase is probably achieved through the interaction of nascent polypeptides with the cytoplasmic surface of the inner membrane during coupled transcription-translation. Moreover, transcriptions of a membrane-associated gene can, under certain circumstances, induce topological anchoring of an RNA polymerase transcribing a neighboring gene that ordinarily is not membrane-associated. Finally, the potential biological consequences of our findings are discussed.